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A pencil graphite electrode (PGE) electrodeposited by nanostructure polypyrrole (PPy) conducting polymer film
doped with 5-sulfosalicylic acid (SSA) as sensing material (PGE/PPy/SSA-Cu) was successfully developed for the
detection of Cu (II) in aqueous solutions. For the preparation of the copper-sensing electrode, electrodeposition of
a polypyrrole film was carried out using cyclic voltammetry in a solution containing 10.0 mM pyrrole and 5.0 mM 5-
sulfosalicylic acid. The introduced electrode in the current paper can be fabricated simply and was found to possess
high selectivity, showed wide working concentration range, fast response time (<20 s), long lifetime, and very good
sensitivity to Cu (II) ion. The prepared electrode exhibited a linear Nernstian response within the copper ion
concentration range of 1.0 × 10−5 to 1.0 × 10−1 M with a slope of 29.60 ± 0.30 mV per decade over the pH range
of 4.0 to 6.0. Under the optimized conditions, a detection limit of 5.42 μM was obtained. Applications of this
electrode for determination of copper ion in real samples and as an indicator electrode for potentiometric titration
of Cu2+ ion using EDTA are reported.
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The determination of copper assumes the importance in
view of its widespread occurrence in environmental samples.
As such, large concentrations of copper can be tolerated by
human beings; however, excessive dosage and long-term ex-
posure may cause irritation of the nose, mouth, and eyes,
and it causes headache, stomachache, dizziness, vomiting,
and diarrhea. Copper deficiency results in anemia while its
accumulation resulting in Wilson disease [1-6].
A number of instrumental methods such as atomic ab-
sorption spectrometry (AAS), cold vapor AAS or flame
atomic absorption spectrometry-electrothermal atomization,
inductively coupled plasma optical emission spectroscopy,
anodic stripping voltammetry, chromatography, gravimetric
detection, or photometry have been proposed for its deter-
mination at low concentration level [7-11]. Most of the
mentioned methods usually have sufficiently low detection
limit and high selectivity but also in many cases, possess
drawbacks such as high cost of equipment and expensive* Correspondence: ransari@guilan.ac.ir
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in any medium, provided the original work is pmaterials, time-consuming, and complicated operation.
Thus, these methods are generally unsuitable for simple,
low cost, and remote determination of copper.
Ion-selective electrodes (ISE) provide analytical proce-
dures for such situations as they are fast, convenient, re-
quire minimum sample pretreatment, and may also be
suitable for online analysis. In recent years, many sub-
stances have been used for electrode modification and de-
termination of copper [12-20]. Conductive polymers (CPs)
due to combination of tunable chemical and electronic
properties of them are a promising group of compounds,
which are widely applied in chemical sensors and a variety
of other applications [21-23]. One type of sensors is of
noble metal electrodes coated with a conductive polymer
film. These electrodes, when used for potentiometric mea-
surements, are called coated wire electrodes. This type of
sensors, by eliminating the internal filling solution, provides
new advantages such as good mechanical stability, simpli-
city, and possibility of miniaturization. The polymer layer is
relatively easy to prepare and results in thick and
homogenous coverage of the metal. Since this type of sen-
sors is not selective to create a selective CP-based receptor,n Open Access article distributed under the terms of the Creative Commons
g/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction
roperly cited.
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also stable under the polymerization conditions. The CP's
selectivity is controlled by doping the film from solution or
by incorporating a recognition unit into the conjugated
polymeric backbone. In terms of potentiometry, the film
acts as a cation or anion exchanger and provides a cationic
or anionic potentiometric response. Sensors based on con-
ductive polymers have distinct advantages, such as simple
preparation, fast response towards the analyte, and poten-
tial for miniaturization. Their lifetime is longer than clas-
sical PVC membrane electrodes because there is no
receptor (ionophore) loss from the membrane due to the
low solubility of the polymeric film in conventional or-
ganic and inorganic solvents [24-26]. Polypyrrole (PPy)
has received the most attention owing to its convenience
of preparation, high stability, and wide range of applica-
tions. The electroactive nature or the switching properties
of PPy has been utilized as the basis of most proposed ap-
plications such as sensors, separation devices, rechargeable
batteries, and controlled drug release. All other applica-
tions of this polymer are based on their electrical conduct-
ivity and unique electrochemical properties [27-29].
In this research, a new solid state electrode was prepared
by the electrodeposition of a PPy nanolayer, which was
doped with 5-sulfosalicylic acid (SSA) (Figure 1) onto the
surface of pencil graphite electrode (PGE). We chose pencil
graphite as the material of the electrode because it has a
larger active electrode surface area and therefore is able to
detect low concentrations and/or volumes of the analyte.
The main original idea developed in the current research is
drawn from the unique properties of the polypyrrole






Figure 1 Chemical structure of 5-sulfosalicylic acid (SSA).solution can be incorporated into the polymer during
electropolymerization as dopant or counterion. The incor-
porated anions termed as dopants can then induce its
property into the polymer product. Choosing of 5-
sulfosalicylic acid as dopant during electropolymerization
of polypyrrole was based on its high affinity for the forma-
tion of a stable complex with Cu (II) ion [30]. Therefore, 5-
sulfosalicylic acid was predicted to act as dopant during
electropolymerization and as ionophore in the course of
potentiometric determination of cupric ions. The thickness
of the coated polymer film onto working electrode can be
easily controlled by measuring the charge that passes
through the cell during electropolymerization. The poly-
meric nanofilm (PPy/SSA) used for the preparation of the
copper-sensing electrode is an electronically and ionically
conducting material based on polypyrrole which allows
better defined ion-to-electron transduction compared to
the classical coated wire electrodes.Results and discussion
The electrode composition effect on the potential response
of the PGE/PPY/SSA-C
It is well known that the compositions of membranes have
great effect on the characteristics of ISEs such as sensitiv-
ity, working concentration range, selectivity, and potential
stability. Therefore, electrodes with different compositions
have been prepared, and their potentiometric response
characteristics were evaluated in order to find out the
optimum electropolymerization conditions. The result of
some investigated parameters is shown in Table 1. It was
found that the best electrodeposition conditions for ob-
serving Nernstian response resulted when a cell solution
containing 10-mM monomer (pyrrole), and 5.0-mM elec-
trolyte (5-sulfosalicylic acid) was employed by cyclic
voltammetry method, potential range of −1 to +1 (V), scan
rate of 50 (mV/s), and cycle number of 20 (at optimal set
pH = 5), (no. 13). The fabricated electrode was soaked for
1 h (optimized condition time) in 1.0 × 10−3 M Cu (II) so-
lution before its use for potentiometric analysis. The elec-
tromotive force (EMF) values were measured using an
accurate digital voltmeter.Characterization
Scanning electron microscope (SEM) is a useful instru-
ment for characterizing the surface morphology of the
polymers. The micrographs obtained for polypyrrole
used in this investigation is shown in Figure 2: (a) SEM
of bare PGE, (b) PGE/PPY/Cl, (c) PGE/PPY/SSA-Cu,
and (d) cross section of PGE/PPY/SSA-Cu. As the SEM
pictures show, the PPy at the presence of SSA as a dop-
ant is electrodeposited onto the pencil graphite electrode
as nanoparticles which the average diameter of those is
about 84 nm, and the layer thickness is about 200 nm
Table 1 Optimization of the membrane ingredients and technique parameters for fabrication of PGE/PPy/SSA-Cu electrode




Linear range (M) R2
Py SSA
1 100 3 10 12.41 1.0 × 10−4 to 1.0 × 10−2 0.970
2 100 5 10 16.10 1.0 × 10−4 to 1.0 × 10−2 0.965
3 100 8 10 10.22 1.0 × 10−4 to 1.0 × 10−2 0.982
4 100 5 20 25.60 1.0 × 10−4 to 1.0 × 10−2 0.985
5 100 5 30 20.31 1.0 × 10−4 to 1.0 × 10−2 0.990
6 50 5 10 15.43 1.0 × 10−5 to 1.0 × 10−2 0.974
7 50 5 20 17.30 1.0 × 10−5 to 5.0 × 10−2 0.980
8 50 5 30 18.25 1.0 × 10−5 to 5.0 × 10−2 0.971
9 50 25 10 19.45 1.0 × 10−5 to 1.0 × 10−1 0.973
10 50 25 20 24.82 1.0 × 10−5 to 1.0 × 10−1 0.986
11 50 25 30 25.61 1.0 × 10−5 to 1.0 × 10−1 0.963
12 10 5 10 22.10 1.0 × 10−5 to 1.0 × 10−1 0.985
13a 10 5 20 29.60 1.0 × 10−5 to 1.0 × 10−1 0.999
14 10 5 30 31.42 1.0 × 10−5 to 1.0 × 10−1 0.988
aIt was found that the best electrodeposition conditions for observing Nernstian response were achieved with electrode 13.
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quantity of nanoparticle size on the PPy exists.
Fourier transform infrared spectroscopy (FTIR) tech-
nique was used to ascertain the presence of SSA in poly-
mer matrix. Additional file 1: Figure S1a shows the
FTIR spectrum of pure PPy. The band at 1,570.54
and 1,384.60 cm−1 may be corresponded to typical
polypyrrole ring vibration and =C–H band in plane vi-
bration, respectively. Additional file 1: Figure S1b shows
that the FTIR spectrum of PPy/SSA, which exhibitsFigure 2 SEM image. Of (a) bare PGE, (b) PGE/PPY/Cl, (c) PGE/PPY/SSA-Cuabsorption peaks at 1,085.49, is assigned as S=O
stretching band and at 1,387.76 and 1,635.47 may be
corresponded to C=C stretching bands. Also, a broad
and sharp band observed at 3,443.32 may be attributed
to the presence of O–H. These results confirm the in-
corporation of SSA within the polymer structure
which has the most important role of sensing the
electrode toward Cu (II) ions.
Energy-dispersive X-ray spectroscopy (EDS) is another
analytical technique which is used for chemical, and (d) cross section of PGE/PPY/SSA-Cu.
Table 2 Properties of PGE/PPY/SSA-Cu electrode
Properties Values/range
Preparation technique Cyclic voltammetry (ν = 50 mV s−1)
Preparation conditions PPy (10.0 mM), SSA (5.0 mM)
Cycle numbers 20
Electrode type Pencil graphite electrode (PGE)
Best pH range for response 4 to 6
Conditioning time 1 h (in 10−3 M Cu2+)
Linear range (Cu2+, M) 1.0 × 10−5 to 1.0 × 10−1
Electrode slope 29.60 (mV decade−1)
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ities are due to the fundamental principle that each
element has a unique atomic structure allowing unique
set of peaks on its X-ray spectrum. The comparison of
the EDS spectra of the polymer before and after doping
with SSA is illustrated in Additional file 2: Figure S2a,b,
respectively. The presence of a sharp and intense peak
of sulfur in EDS spectrum appeared at 2.2 to 2.4 keV
(Additional file 2: Figure S2b) which is a clear indication
of incorporation of SSA into the polypyrrole film during
electropolymerization.Detection limit (M) 5.42 × 10−6
Static response time (s) 20 s
Useful shelf lifetime At least for 60 daysCalibration curve and statistical data
Direct potentiometry using a working curve (a plot of
EMF vs. log C) is usually used in potentiometric analysis
with ion-selective electrodes. The calibration curve for
analysis of Cu (II) ions was prepared using standard so-
lutions of Cu (II) ion (pH of solution was adjusted about
5.0), and the potential readings were carried out using
the cell setup with solid state Cu (II) electrode (PGE/
PPy/SSA-Cu) and was compared with the result of PGE/
PPy/SA (Figure 3, curves A and B, respectively).
As the results show (Figure 3, curve A), the fabricated
electrode exhibits linear response over a working concen-
tration range of 1.0 × 10−5 to 1.0 × 10−1 M with a
Nernstian slope of 29.60 ± 0.30 mV per decade (for one
electrode with n = 4) of copper ion concentrations. By ex-
trapolating the linear parts of the ion-selective calibration
curve, the detection limit of an ion-selective electrode can
be calculated. In this work, the detection limit of the pre-
pared sensor was 5.42 μM which was calculated by the ex-
trapolating of the two segments of the calibration curve in
Figure 3. The reproducibility of the Cu2+ electrode was
also investigated. The standard deviations of the slope of
four replicate constructed electrodes were ±0.50. TheFigure 3 The calibration curve obtained for Cu (II) ion using
PGE/PPy/SSA-Cu and PGE/PPy/SA electrodes.response characteristics of the prepared copper-sensing
electrode are also summarized in Table 2.
Effect of pH
The influence of the pH of the test solution on the
potential response of the electrode for a solution
containing 1.0 × 10−4 M Cu (II) was considered in the
pH range of 2.0 to 7.0, and the results are shown in
Additional file 3: Figure S3. As can be seen, the potential
remains constant over a pH range of 4.0 to 6.0. At alkali
media, the potential sharply decreased due to the forma-
tion of some hydroxyl complexes of Cu (II) ions in solu-
tion. On the other hand, at pH lower than 3.5, the
interference of H+ ions is more which is due to the high
rate of diffusion of H+ ions from the sample solution to
electrode surface, and its resulting increase in potential
that indicates the protonated ionophore possesses a poor
response to the Cu (II) ions and strong response to
H3O
+ ions in solution.
Response time
Response time is the average time required for the elec-
trodes to reach a potential response within ±1 mV of the
final equilibrium value, after successive immersions in a
series of testing solutions, each having a tenfold concentra-
tion difference. In this study, the practical response time of
the sensor was recorded by changing the Cu2+ concentra-
tion in solution, over a concentration range of 1.0 × 10−5 to
1.0 × 10−1 M. The potentials vs. time traces are shown in
Figure 4a. It is noticed that stable potentials were attained
within 20 s. This short response time is most probably
due to the fast exchange kinetics of complexation-
decomplexation of Cu2+ ion with the sensing material on
the tested solution-polymeric surface of electrode interface.
In order to examine the stability of the potential reading of
the electrode, it was also put in a 1.0 × 10−3 M of copper
ion. As the results show (Figure 4b), the electrode reaches
its equilibrium response in a very short time (approximately
20 s) and remained constant for approximately 4 min.
Figure 4 The potentials vs. time traces. (a) Dynamic response
time and (b) static response time of electrode.
Figure 5 Reversibility of PGE/PPy/SSA-Cu electrode.
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Reversibility factor is one of the most important parame-
ters in assessing a sensor performance for its practical ap-
plication. In order to find out the reversibility of the
response, the designed electrode was exposed repetitively
in the Cu (II) solutions with two different concentrations
(1.0 × 10−4and 1.0 × 10−3 M). The reported potential is
the mean values of at least three measurements for each
concentration. The consequences observed are shown in
Figure 5 as the data fascinatingly indicate that the signal of
the fabricated Cu (II) electrode is interestingly highly
reversible.
The lifetime of the PGE/PPy/SSA-Cu electrode was car-
ried out by performing periodic calibration with standard
solutions and calculating the response and slope over the
range 1.0 × 10−5 to 1.0 × 10−1 M Cu2+ solution (Table 3).
It was found that the electrode worked well over the
period of 2 months without showing any significant diver-
gence in concentration range, slope, and response time.
During non-usage, the electrode was stored in the air and
before use; they were re-equilibrated by dipping in 1.0 ×
10−3 M Cu2+ solution for 1 h.Potentiometric selectivity
The potentiometric selectivity coefficients, which reflect
the relative response of the membrane sensor towards
the primary ions over other ions present in solution, are
perhaps the most essential characteristic of an ISE. To
investigate the membrane electrode selectivity, its poten-
tial response was monitored in the presence of various
interfering foreign cations with the help of two different
procedures, namely the so-called matched potential
method (MPM) and the separated solution method
(SSM). The resulting selectivity coefficients are presented
in Table 4. As the results present, the electrode is very se-
lective to Cu (II) ions over all the tested interfering ions.
Effect of temperature
The standard cell potentials (E°cell) were determined at
different temperatures from the respective calibration
plots as the intercepts of these plots at p[Cu] = 0 and
were used to determine the isothermal temperature co-
efficient (dEo/dt) of the cell [31]. By plotting of E°cell vs.
(t − 25), a straight line is produced (Equation 1). The
slope of this line was taken as the isothermal
temperature coefficient of the cell.
Eocell ¼ Ecellð25o cÞo þ dEo=dtð Þcell t−25ð Þ ð1Þ
The standard potentials of the reference (Calomel) and
the prepared electrodes were calculated using Equa-
tions 2 and 3, respectively.
EHg2Cl2¼ 0:241−0:00066 t−25ð Þ ð2Þ
Ereference þ Ecell ¼ Eelectrode ð3Þ
A plot of E°electrode vs. (t − 25) gives a straight line.
The slope of this line was taken as the isothermal
temperature coefficient of the prepared copper-sensing
electrode. Trend of changes of PGE/PPy/SSA-Cu per-
formance at various temperatures (20°C to 60°C) is
depicted in Additional file 4: Figure S4. Results showed
Table 3 Lifetime behavior of PGE/PPy/SSA-Cu electrode
Time Linear Range (M) Slope
(mV/decade)
Detection limit (M)
1 day 1 × 10−5 to 1 × 10−1 29.60 5.42 × 10−6
7 days 1 × 10−5 to 1 × 10−1 29.60 5.42 × 10−6
3 weeks 1 × 10−5 to 1 × 10−1 29.30 5.63 × 10−6
1 month 1 × 10−5 to 1 × 10−1 29.06 5.85 × 10−6
2 months 1 × 10−5 to 1 × 10−1 28.40 6.14 × 10−6








H2O 29.60 ± 0.2 1 × 10
−5 to 1 × 10−1
CH3OH
10 29.42 ± 0.2 1 × 10−5 to 1 × 10−1
20 29.05 ± 0.3 1 × 10−5 to 1 × 10−1
30 27.32 ± 0.3 1 × 10−5 to 1 × 10−1
C2H5OH
10 29.60 ± 0.2 1 × 10−5 to 1 × 10−1
20 29.25 ± 0.3 1 × 10−5 to 1 × 10−1
30 28.45 ± 0.3 1 × 10−5 to 1 × 10−1
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temperature range between 20°C and 60°C. The amount
of the isothermal temperature coefficient of the cell and
the PGE/PPy/SSA-Cu electrode are obtained 1.26 and
1.27 (mV/°C), respectively. The small values of (dEo/dt)
cell and (dE
o/dt)electrode reveal the high thermal stability
of the electrode within the investigated temperature
range.
Effect of partially non-aqueous medium on the working
of PGE/PPy/SSA-Cu electrode
The prepared electrode was investigated in partially
non-aqueous media using methanol and ethanol mixture
with water. Table 5 indicates that the slope remains un-
altered with the addition of non-aqueous solvents.
Hence, the new electrode can be successfully used in
partially non-aqueous medium.
Some practical applications of the prepared copper-sensing
electrode
The Cu2+ sensor was successfully used as an indicator elec-
trode in the titration of 5.0 mL of a 1.0 × 10−2 M Cu (II) so-
lution with 1.0 × 10−2 M of ethylenediaminetetraacetic acid
(EDTA) (at pH = 5.0 acetate buffer) and vice versa. The
resulting sigmoid titration curve is given in Figure 6. As itTable 4 Potentiometric selectivity coefficient values of
PGE/PPy/SSA-Cu electrode
Interfering ion KMPM KSSM
Na+ 4.73 × 10−4 3.65 × 10−4
K+ 7.50 × 10−3 4.58 × 10−3
Mg2+ 8.10 × 10−4 2.15 × 10−4
Ca2+ 6.66 × 10−3 1.78 × 10−4
Ni2+ 5.45 × 10−3 6.25 × 10−3
Pb2+ 4.44 × 10−3 2.65 × 10−3
Mn2+ 5.23 × 10−3 4.78 × 10−3
Zn2+ 7.78 × 10−4 4.60 × 10−4
Co2+ 7.61 × 10−3 3.16 × 10−3
Fe2+ 6.66 × 10−3 6.41 × 10−3
Hg2+ 6.35 × 10−3 2.21 × 10−3
Fe3+ 6.87 × 10−4 5.46 × 10−4
Cd2+ 3.20 × 10−4 4.16 × 10−4is seen, the amount of Cu (II) ions in solution can be deter-
mined with the fabricated electrode. Therefore, the PGE/
PPy/SSA-Cu electrode can be used as indicator electrode
in potentiometric titration of Cu (II) ions successfully.
The electrode was also successfully applied to the direct
potentiometric measurement of copper (II) in a known
copper solution prepared from electrical copper wire (pur-
ity >98%) using standard addition technique [28]. The ex-
periments were run three times, and the results obtained
are presented in Table 6. Statistical treatment of the data
(t test) has shown that the potentiometric measurements of
copper ion performed at several samples using the prepared
copper-sensing electrode have high accuracy (texp < tcri).
Conclusions
The introduced indicator electrode based on polypyrrole
conducting polymer can be easily prepared via simple
electrochemical method (cyclic voltammetry). The cop-
per sensor electrode fabricated in the current study
showed response characteristics with Nernstian behavior
over the concentration range 1.0 × 10−5 to 1.0 × 10−1 MFigure 6 Potentiometric titration curves of 5.0 mL 1.0 × 10−2 M
of Cu2+ with 1.0 × 10−2 M EDTA (curve A), and vice versa
(curve B).
Table 6 Application of PGE/PPy/SSA-Cu electrode for
potentiometric measurement of copper in known
solutions prepared from copper electrical wire
No. Copper known solution (M) Measured (M)a texp. tcrit.
95%
1 5.0 × 10−4 4.80 (±0.17) × 10−4 2.04 4.30
2 1.0 × 10−3 0.88 (±0.15) × 10−3 1.38 4.30
3 5.0 ×10−3 4.74 (±0.22) × 10−3 2.05 4.30
aAverage of three determinations.
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(less than 20 s), low detection limit (5.42 μM), simplicity
of preparation, low cost, high shelf lifetime (at least 60
days), high selectivity, sensitivity, accuracy, and precision
as well as good dynamic linear range, high repeatability
and reproducibility make this electrode potentially useful
for measurement of free Cu (II) ions in real samples.
The copper sensor electrode can also be used for po-
tentiometric titration of copper ion with sharp and dis-
tinguished end point. The electrode was also used for
determination of copper ion in real samples very suc-
cessfully. Due to the high toxicity of copper ions to
aquatic life, the finding in this study is very important
from both analytical and environmental point of views.
Methods
Chemicals and apparatus
All chemicals used were of analytical grade (AR) and were
prepared in distilled water. Pyrrole was obtained from
Merck (Darmstadt, Germany, http://www.merckmillipore.
com/chemicals) and was distilled before use. 5-sulfosalicylic
acid and the nitrate or chloride salts of all cations were pur-
chased from Merck with highest purity available and used
without any further purification. Cu2+ solution (1.0 M) was
prepared by dissolving AR grade CuSO4.5H2O in distilled
water and was used as stock solution. Standard solutions
for calibration graph were then prepared by the successive
diluting of the accurately prepared stock solution, and po-
tential readings started from the least concentrated stand-
ard. For the investigation of selectivity, interfering metal
ions were prepared as 0.010 M from their pure related salts.
Electrochemical synthesis of polymer was carried out with
an electrochemical analyzer (SAMA 500, SAMA research
center, Esfahan, Iran). A Metrohm pH meter (model 827)
(Metrohm, Filderstadt, Germany, http://www.metrohmusa.
com) with a combined double junction glass electrode, cali-
brated against two standard buffer solutions at pH 4.0 and
7.0, was used for pH measurement. The pH of the solutions
was adjusted using 0.10 M HCl and NaOH solutions. All
potentiometric measurements were carried out at 25°C with
a cell of the following type: SCE | Cu2+ (aA) | PGE/PPy/
SSA-Cu. EMF measurements were carried out using an ac-
curate digital electronic voltmeter with high internal imped-
ance to the nearest 0.10 mV. The readings were recorded
when the potentials reached a stable and constant value(within 1 mV). The sensing material of the fabricated Cu
(II) electrode obtained was characterized using FTIR,
energy-dispersive X-ray spectroscopy, and SEM techniques.
The surface morphology was examined using Philips
XL30 scanning electron microscope (Amsterdam, The
Netherlands, https://www.mems-exchange.org/equip-
ment/E1175/ at an accelerating voltage of 20.0 kV with
10,000× magnification. The FTIR spectra of the elec-
trode were recorded in Bruker, Madison, WI, USA
(model Vertex 70) at room temperature in the region
4,000 to 500 cm−1.
Preparation of electrode and procedure
A three-electrode system was employed for electropoly-
merization of pyrrole in aqueous solution containing
monomer. Electropolymerization was carried out by cyclic
voltammetry method. A PGE as working electrode, a Pt
wire as auxiliary electrode, and a double junction satu-
rated calomel electrode were used as the reference elec-
trodes. PGE (with 0.70 mm diameter) was cleaned with
concentrated HNO3 (6.0 M) for removing any possible
metal impurities. A PGE was also used for the electrode-
position of polypyrrole from a solution of pyrrole and KCl
as electrolyte under the same conditions used for the
PGE/PPy/SSA-Cu copper-sensing electrode termed as
PGE/PPy/Cl. In order to have a good comparison, this
electrode (PGE/PPy/Cl) was then used for surface mor-
phological analysis and determination of copper ions.
Since any potential stability, reversibility, and linear re-
sponse for Cu2+ using the PGE/PPy/Cl electrode were not
observed, all the potentiometric experiments were shown
only for PGE/PPy/SSA-Cu electrode. Since salicylic acid
(SA) is the metal-chelating ligand, for comparison and
also further confirmation that 5-sulfosalicylic acid is in-
deed working as an ionophore, we also tested salicylic acid
as an electrolyte for electrodeposition of polypyrrole
termed as PGE/PPy/SA. The EMF (E) of the sensor elec-
trode system dipped in the solution of Cu (II) ion was in-
vestigated given by the following equation (Equation 4):
E ¼ k þ S log Cu2þ  ð4Þ
where E (mV) is the total potential developed between the
sensing and reference electrodes andk (mV) is a constant
which is characteristic of the particular ISE/reference pair.
It can be calculated from the linear plot of E vs. log C, and
S is the electrode slope. ISEs are not actually specific but
are more selective toward target or analyte ion. So, it is
important to determine the selectivity of a fabricated sen-
sor electrode toward target ion or the possible interfer-
ences from other ions. Different methods are available for
determination of selectivity of an ISE. In the current study,
selectivity coefficient (Kpot
Cu2þ;Xnþ) values for a range of com-
mon interfering ions were calculated by both the MPM
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where ΔA = a'A − aA, aA and a
'
A are the initial and final
primary ion activities (or concentrations), respectively, and
aB the interfering ion activity. In practice, a specified
amount of primary ions (A) is added to a reference solu-
tion (primary ion with a fixed activity), and the membrane
potential is measured. In a separate experiment, interfer-
ing ions (B) are successively added to an identical refer-
ence solution until the membrane potential matches the
one obtained before with the primary ion. It should be
noted that the values of aA and a
'
A for Cu
2+ ion were taken
as 1.0 × 10−4 and 1.0 × 10−3 M, respectively, at pH 5.0 and
aB was determined experimentally. In SSM, the EMF of a
cell is measured for each of two separate solutions, one
containing the ion A of the activity aA and charge ZA (but
not B), the other containing the ion B with charge ZB at
the same activity aB = aA (but not A). If the measured
values are EA and EB, respectively, then the value of log









For the preparation of the calibration curve, standard
solutions of Cu (II) ion were prepared with different
concentrations (from 1.0 × 10−6 to 1.0 × 10−1 M), and
the potentials were recorded after 20 s or less until the
readings were stable. The maximum electrode potential
fluctuation was less than 1.0 mV. The effect of
temperature on the performance of the potentiometric
electrodes was evaluated in a thermostat at different
temperatures ranged from 20°C to 60°C.
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